This chapter describes the development of four versions of a game for learning and comparative study carried out in a Singapore high school to shed light on the effectiveness of puzzle and narrativebased games in engaging students, their learning experience and understanding of the physics concepts of displacement and velocity. In particular, it describes the introduction of an off-screen character to help reach a synergy of fun and learning, through an optimal blend of design and development dimensions. The off-screen character achieves this through narration of an extended narrative/story intertwined with aspects of the learning topics. In this way the character's purpose is twofold; firstly, as part of the narrative/story and secondly, as learning partner or assistant. Results from the study demonstrate that while some aspects of learning were comparable from both the puzzle and narrative versions of the game, the narrative versions provided a flexible and powerful approach to introduce technical/scientific terms and language associated with the topics of learning. In addition, players consistently rated the narrative versions as being more fun, more exciting, and more engaging. While relatively simple, it is argued that this approach is cost-effective and accessible in informing academics and teachers in schools in customizing their own virtual environments, simulations, games for learning, serious games, and commercially available off-the-shelf titles (COTS) with topics from the curriculum. 
INTRODUCTION
Too often research on serious games and games for learning are expected to take the form, "Did Game X increase learning about Subject Y." But in fact, the questions that we can and should be investigating are much more nuanced and complex than that. What we need to investigate is the relationship between learning and particular well-known components of games. The component we have chosen to focus on in our research described in this chapter is one that is typically left out of educational games, much to their detriment. The focus of our research project is on investigating the role of narrative in puzzle-based learning games in engaging students, their learning experience and understanding of displacement and velocity. In this chapter we outline the development of four versions of a game for learning in preparation for the study. In particular, we describe an attempt to reach a synergy of fun and learning, through an optimal blend of design and development dimensions, including: constructionist and instructionist learning, and hidden/incidental and direct/explicit learning, creating opportunities for reflection, through the introduction of an extended narrative and an off-screen character. Next, we describe the results of a comparative study carried out in a Singapore high school to test the four versions of the game. The work described herein is a collaborative research project between the National University of Singapore (NUS) and Massachusetts Institute of Technology (MIT) as part of the Singapore-MIT GAMBIT Games Lab.
TEST ENVIRONMENT: PUZZLE AND NARRATIVE GAME
The game Waker (2009) was developed as test bed for our research. It is a flash-based puzzle game wrapped in a narrative. The narrative, largely at the beginning, in-between levels and at the end of the game, is told in cutscenes and voiceovers. The narrative tells of a child trapped in a dream and provides the game objective to fix broken pathways and journey through levels of the dream world to awaken the child (see: Figure 1 and Figure 2 ).
The core puzzle gameplay and game mechanic in order to do this, is to figure out how to create or construct appropriately inclined paths/graphs that will enable the player to move up through levels (in the y-axis) by moving a corresponding direction, distance and speed along the x-axis. Path construction is akin to a constructionist learning approach. Path/graph construction also provides the learning goals: to learn about aspects associated with the physics concepts of displacement and velocity. Performing path/graph construction bridges the gap to their learning goals. Through observation, it was found that after only short gameplay, path construction became intuitive for players. As the game proceeds gameplay becomes progressively more complex.
As demonstrated through on-line blogs, being voted as Indie Game of the Week on Bytejacker, and nominated as one of six nonprofessional finalists in the Indie Game Challenge, Waker is fun and engaging. Gameplay has been identified as thought-provoking, stimulating and creating a pleasant level of frustration that encourages the player -from beginner to experienced gamer -to continue playing to figure out how to build pathways and journey through levels to save a child from a broken dream.
In addition, the music and artwork are singled out as being impressive and provide a complementary blend with gameplay. As well as being fun and engaging, Waker is intended to be a game for learning -to help students learn about the physics concepts of displacement and velocity.
Limitations in Test Environment
As identified in pilot studies and demonstrated in on-line blogs, as well as being a fun and engaging game, generally players didn't identify that our game was a game for learning. In this respect, learning from gameplay in Waker can be described as hidden and is intended to be incidental to the fun and entertaining gameplay.
While elegant in design, for some researchers this highlights a widely held belief, that there is an inherent tension between fun and learning in the design and development of games for learning and serious games. From this perspective, putting learning in games has been described as "sucking the fun out" of gameplay, while attempt-ing to make games for learning that are fun and entertaining invariably has meant for many developers forgoing some of the learning. Our view is that we can design and develop games for learning and serious games for both fun and learning. In order to address the potential limitations of hidden or incidental learning, we are planning to run teacher-led instructional sessions after students have finished playing the Waker game in order to build upon students' game learning experience and to help fill-in gaps in learning about displacement and velocity. This is a design dimension that Hendriksen (2006) refers to as in-game and off-game learning. While this blended learning approach provides a natural way to complement and introduce game-based learning into the classroom and a link to the curriculum, it is however, expensive in terms of resources and manpower. Further studies intend to provide answers to some of these questions and to shed light on whether the advantages of this blended in-game and off-game learning approach outweighs the cost of increased resources.
Identified in interviews with players in pilot studies, players are left to make sense of some of the gameplay and mechanics. One shortcoming was identified to be the narrative and how it was communicated to players. That is, in the form of cutscenes and narration at the beginning, in-between levels, and at the end of the game with no attempt to explain, direct player's attention to, or reflect on, the connection between gameplay/game mechanics and learning. For example, players know that there is a connection between their movements and the way the path is drawn but there is nothing in the narrative to describe why it is connected. Therefore, for learning to take place, it was necessary to make this connection and to create opportunities for reflection.
Furthermore, in contrast to the original Waker game, another goal has been to make learning more explicit in order to address the potential limitations of hidden or incidental learning as identified previously. To this aim, one approach has been to incorporate instructional design features and in drawing players' attention to the constructionist learning gameplay. However, by making learning more explicit to players we anticipate that we may turn some players off and/or take some of the fun and entertainment out of the game. Therefore, to address these two limitations, we have been involved in redesign and development to create a synergy between fun and learning, and to find an optimum way to encourage reflection without, or minimally, disrupting game play.
In order to do this, we explored the amendment and inclusion of various design features to the original version of the game Waker. For example, event triggered text boxes that would appear at appropriate predetermined stages in the game to provide more instruction about the learning and how it links with gameplay; and answering questions before proceeding to the next level, etc. However, these and similar instructional design approaches and features make learning too explicit, and so potentially disrupt the flow of the game and in turn, the fun game experience.
Therefore, our solution to create a closer link between narrative and the gameplay/mechanics, and make learning more explicit without disrupting fun gameplay experience, was to extend the narrative/story throughout the game through an off-screen character, as described in the following sections. We review the related published literature and describe the design considerations and development work in order to do this and to make learning more explicit, while at the same time creating a synergy of learning and fun.
FUN AND LEARNING: THROUGH NARRATIVE AND CHARACTER
Using characters as learning partners or assistants has received considerable attention in e-learning, simulation and games for learning. As we build on the published literature in this area, it is reviewed here. Next we describe our design and development solutions and how it addresses the issues, limitations and considerations identified.
Related Work: Characters as Learning Partners
According to Gulz (2004) , using characters as learning partners is a fairly complex endeavor. His research findings indicate that, while there is existing research on the short-term effects of using characters in a learning context, there remain uncertain and sometimes contradictory findings as to the true efficacy of these characters as learning partners. Haake (2009) states that another complexity arising from characters as learning partners is that characters are never socio-affect neutral. For example, humans bring with them biases and preconceptions and so are prone to evaluating, making assumptions or having expectations of characters based on aspects such as visual appearance, accent and gender; and these were sufficiently significant to effect players' experience. So for instance, slight changes in the visual appearance led to notable changes in player perception. However, when the visual component of the character was removed, players' expectations shifted from reliance on visual cues of the character to aspects of the character's verbal communication. Character accent was sufficient to have effect on players' expectations of the character's personality attributes. The cause of this was identified as being because players associated certain personal and social attributes to the accent heard. In this case, the players thought the characters were equal on measures like personal warmth and intelligence irrespective of gender (Haake 2009 ).
Likewise, Gulz (2004) concurs with the finding that the visual appearance of a character can and will strongly affect the players' engagement with the game, and thereby the game's overall effectiveness in getting information across via the character. In this respect, Gulz and Haake (2006) suggest carefully designing a character's visuals to account for the social cues that are inherent in the character, to create a character that is cohesive, believable and ultimately likeable by the player. Care should be taken, however, to also consider possible differences in cultures and sub-cultures where the game would be deployed, such that the design is tailored to the audience concerned (e.g. in schools in Singapore and the US).
While the first impression and socio-affect of the character can strongly affect the perception of their competencies and personality, the role of the character in the game is equally important. The character can take on various roles, such as being dominant or equal to the player as a mentor, peer or guide, or even as a dependant who needs the assistance of the player in order to complete the challenges. Kim (2007) found significant interaction effects between the character and the player. The competence of the character affected the desirability of the character depending on the competence of the players. Academically strong players showed higher self-efficacy when paired with similarly competent characters, while academically weaker players were so with less competent characters. Players not only experienced improvements in self-efficacy when paired correctly; they also experienced improved recall (learning) through the appropriate pairing. An effect attributed by Kim (2007) to Bandura's (1997) concept of "attribute similarity" whereby such pairings were found to be necessary for "effective social modeling in traditional human-to-human instructional settings" (Bandura, 1997) . Thus, it can be argued that players may feel more affiliated to the game characters that resemble them. Behrend et al. (2011) recently reported similar findings with the use of online virtual agents or "helpers" that appear on-screen to guide learners through training programs. In studies, they found that if the appearance (race and gender) and communication style of the helpers matched learners, then learners reported liking the helper more, and were more engaged and focused on training. In addition, they found that effective helpers could also make the experience more social.
Another major observation by Kim (2007) was that academically strong players had higher self-efficacy perceptions when the character was controlling the influx of information, while weaker players had the opposite experience. In addition to this, Kim (2007) suggests that this can be attributed to the possibility that academically weaker players were overwhelmed by the information coming in a flow beyond their control. Gulz (2004) also observes that there is room for creating characters that can fulfill the emotional needs of players through the formation of deeper personal relationships in learning. One strong way to achieve this is to have the character react to the player's actions in a meaningful way. This may be an emotive response in the visual sense, or perhaps in a verbal way.
Other concerns regarding the use of characters identified by Gulz (2004) are that players can and do react differently to the presence of characters as learning partners. Thus, it is largely insufficient to implement a single character as a learning partner and expecting all players to react in an identical way. To deal with this, Gulz (2004) recommends the implementation of character and character-free variants for players to select from. Alternatively, multiple characters with different attributes could be implemented, to cater to differing preferences. Realistically, it may not always be possible to have multiple fleshed out characters in a given title due to resource constraints.
In summary, the complexity of the effect of using characters as learning partners serves as a caution for researchers, such that they are aware that subtle cues can have major effects on the research, and controls need to be present to compensate for or perhaps isolate the effects of these subtle social cues. It is important to note that characters are never socio-affect neutral, and care must be taken to account for this. Alternatively, it can be surmised that excluding the visual component of the character may be advisable should there be insufficient resources available to design and create a character that can satisfy all or at least a majority of the social cues required to make a character that's believable and likeable.
The next section describes the creation and development of the narrative and off-screen character and how it subtly interweaves background story with learning to address many of the issues raised above.
Development of Extended Narrative and Off-Screen Character
Within the original version of the game Waker (2009), hereafter referred to as Waker 1.0, the story of a child trapped within a dream is told through voiceovers and cutscenes at the beginning and updates given following completion of each level and completion of the game. To address many of the issues raised above we redesigned Waker 1.0 with an extended narrative throughout the game told from the perspective of an off-screen character representing the child trapped in her dream (Waker 2011) ; referred to as Waker 2.0.
The extended narrative provided the opportunity to create a closer link between narrative and the gameplay/mechanics, and make learning more explicit without disrupting the player's fun game playing experience. This was achieved by subtly interweaving the background story, told from the child's perspective, with aspects of the learning topics. In this way the character's purpose is twofold; firstly, as a character in the narrative/story and secondly, as learning partner or assistant. The child's role was both as an equal to the player, such as being a mentor, peer or guide, as well as being dependant on the player and needing their assistance in order to complete the challenges of constructing pathways to help release her from a dream.
As the character wasn't seen on-screen, potential problems associated with visual representations affecting players, as discussed above, were avoided. In addition, the use of an off-screen character meant that cultural and racial issues arising from visual representations could generally be avoided. As we focused on the development of just one non-personalized character, attempts were made to limit issues arising from verbal communication by opting for a neutral accent. To this aim, the child's voice was selected to be a neutral English accent. Due to limited resources, no attempt was made to provide multiple or personalize characters. So issues resulting from personalized pairing are not considered in the reporting of development and study given herein.
However, effects as a result of ill-pairing from culture, gender, academic ability may have been offset because the character is a child and is dependant on the player to released her from her dream. We anticipate that sympathetic and empathetic attachment from the player towards the dependant child who requires the player's help may be a contributing factor in this and is an area that requires further investigation.
Additional advantages of using an off-screen character as partner or assistant include, providing encouragement to the player when figuring out the puzzles, responding to player's actions in a meaningful way (e.g. on successful completion of a task), attempting to strengthen social dimensions, providing an opportunity to introduce technical/scientific terms and a language connected with the topics of learning in simple manner incorporated in the narrative, and encouraging reflection.
The child's narration is given during, or following, the occurrence of triggered events. As shown in Figure 3 , when a player reaches a certain point in the game a voiceover starts. For example, when the player begins to move in level two of the game, the voiceover begins and text displayed: "Have you noticed that the farther you displace the orb from its stand, the higher the path goes". (Fig 3: top) , and voicelogs and replay functions for recall and reflection (Fig 4: bottom) 
STUDY
A formal study was carried out with 57 male students, aged 13-14, in a High School in Singapore. The purpose of the study was to compare puzzle and narrative learning games in engaging students, their learning experience and their understanding of the physics concepts of displacement and velocity, and in addition, test the effectiveness of an extended narrative and off-screen character as storyteller and learning partner.
All of the students who took part in the study had no prior classroom-based lessons on physics concepts of displacement and velocity, having their first exposure to the topics through the Waker game versions used in the study. The students were divided into four groups and each group played one of the four versions of our game Waker as detailed briefly below.
Group 1: Waker 2.0 -Puzzle and Narrative (voiceover, cutscenes, voice logs & repeat function)
Narrative extended (to original Waker 1.0: see group 3) throughout the game, off-screen child and cutscenes (as described above), and with added features to allow the player to either listen to the last voiceover or sort through all voiceovers to allow for recall and reflection (Figure 4 ).
Group 2: Waker 2.0 -Puzzle and Narrative (voiceover, cutscenes)
Identical to group 1's version with extended narrative throughout the game, off-screen child and cutscenes, but without features for voiceover or recall/reflection (Figure 3 ).
Group 3: Waker 1.0 -Puzzle and Narrative (voiceovers, cutscenes)
Original waker game as described above (figures 1 & 2). Narrative and cutscenes at the beginning to set-up the story and on completion of levels and game.
Group 4 -Waker 1.0 puzzle-based (voiceovers, cutscenes removed)
This version of the game provides the puzzle-based only or abstract version of the game. This has been achieved by removing all narrative and cutscenes from the game altogether. In this version of the game, the game starts immediately with no introduction, narrative or guidelines and players have to figure out the gameplay and game mechanics.
It must be noted that the gameplay remained consistent between the versions, so any differences between games identified in the study can largely be attributed to the feature set. Data on learning and fun was primarily gathered through questionnaire and observation.
Results
After playing the game, most of the students were able to draw on paper the graphs that resulted when they moved their character left, right or held them stationary, as shown in figures 5 and 6. This shows that nearly all students were familiar with the construction and resulting shape of graphs for both the displacement and velocity stages of the Waker games for both the narrative and puzzle only versions. There were no outstanding trends in inability to draw the graphs, hence suggesting that most of the students became familiar with the Waker game mechanics. When asked in an open-ended question to identify any difficulties they had experienced when constructing the graphs, students from groups 1 and 2 self-identified that they had primarily experienced difficulty from aspects relating to the game mechanics themselves while students from groups 3 and 4 experienced difficulty in comprehending the concept in addition to aspects relating to the game mechanics. and 2 felt that they had help in completing the levels, while those from 3 and 4 rarely did.
When asked an open-ended question in the questionnaire regarding what sort of assistance the students felt they received, groups 1 and 2 stated that the primary form of assistance was from the voice of the child providing instructions and hints. One student explicitly stated that the presence of a storyline helped in the completion of the levels. Figure 8 shows the main types of responses that the students provided when asked to explain what displacement meant. As can be seen, only students from groups 1 and 2 understood displacement as a vector measure (as intended in the game), while students from groups 3 and 4 primarily reasoned that displacement to be connected with aspects relating to a volume measure, whereby one volume was being displaced by another volume in the game. Figure 8 . Understanding Displacement Figure 9 shows the types of responses students provided when asked about velocity. The findings show that mostly all the students from all groups consistently understood velocity in terms of speed, rather than as the rate at which displacement is changing. In reference to table 1 and described below, students were asked to rate each game version against particular aspects and game features on a scale of 1-10, with 1 being the lowest and 10 the highest:
Fun, Excitement and Attention
In reference to Table 1 , students rated the group 1 version (Waker 2.0 with voicelogs and recall) as most fun (mean: 7.6), exciting (mean: 6.9) and most able to hold their attention (mean: 8.3); this was followed by group 2 version (Waker 2.0) and then group 3 (Waker 1.0). Group 4 rated the puzzle version lowest in these measures. This suggests a positive correlation between narrative (and in particular narrative provided throughout the game) and the perceived fun, excitement and attention holding in the game.
Frustration and Distraction
Group 2 game version (Waker 2.0 without voicelogs and recall) was rated the lowest in frustration (mean: 4.2), and lowest in distraction (mean 2.27). Group 3 (Waker 1.0) and 4 (puzzle version) were rated higher for both frustration and distraction. Suggesting that narrative reduces the sense of frustration and distraction. The markedly lower frustration value may be attributed to the narrative providing hints to help players throughout the game.
So group 4 rated the puzzle game less fun, exciting and attention holding and was more frustrating and distracting, in comparison to
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Measures Groups

Music and Artwork
Interestingly, players in groups 1, 2 and 3 appreciated the artwork and music more in the narrative versions than in the puzzle version even though they were almost identical in all four versions.
Playing Again, Or In Your Free Time
In reference to Table 1 , students from groups 1 and 3 felt they were more likely to want to play again and also play the game in their free time. Groups 2 and 4 gave slightly less ratings for wanting to play again (means: 5.8 and 4.6 respectively) and in playing their free time (4.07 and 3.57, respectively).
DISCUSSION
In summary, although learning about constructing and interpreting graphs for both the narrative and puzzle versions were almost the same, the two extended narrative and character Waker 2.0 versions (groups 1 & 2) also provided an opportunity to introduce technical/scientific terms and a language connected with the topics of learning in simple manner incorporated in the narrative, and link this to game play.
Over two thirds of the students from extended narrative and offscreen character groups 1 and 2 were aware that they had help in completing the levels, while those from 3 and 4 rarely did; identifying the primary form of assistance to be from the voice of the child providing instructions and hints. One student explicitly stated that the presence of a storyline helped in the completion of the levels.
All three narrative versions (groups 1, 2 & 3) were rated higher on every aspect related to gameplay and game features in comparison to the puzzle only based version of the game. For example, the narrative versions were rated as being more fun, more exciting, more engaging, with players less distracted to activities outside of the game, less frustrating, with players preferring to play the narrative versions again and in their free time, and surprisingly, players appreciated the artwork and music more in the narrative versions even though they were almost identical to the puzzle only version.
Of the narrative versions, Waker 2.0 with extended narrative, offscreen character, voicelogs and recall functions, was almost consistently rated the highest. Invariably this was followed by the Waker 2.0 version without voicelogs and recall, and then Waker 1.0 followed this.
Waker 2.0 incorporated a simple narrative extended throughout the game and a character that was positioned off-screen. The character's purpose was twofold; firstly, as a child in the game's narrative/story relating the narrative/story from their perspective and secondly, as learning partner or assistant, interweaving learning with narrative. The child's role was both as an equal to the player, such as being a mentor, peer or guide, as well as being dependant on the player and needing their assistance in order to complete the challenges of the game. Because of this dependent relationship of the child on the player, we anticipate that sympathetic and empathetic attachment or connection from the player towards the dependant child who requires the player's help may be a contributing factor to the results and is an area that requires further investigation.
As the child character and extended narrative appeared easy for players to relate to, this helped set a context to the learning experience that was designed not to seem tacked on to the core gameplay. It is this integration that helps preserve the immersiveness or engagement in the gaming experience, instead of having jarring dialog that is out of context and draws the player's attention to the artificiality of the overall learning experience.
Additional advantages of using an off-screen character as partner or assistant include, providing a way to respond to player's actions in a meaningful way (e.g. on successful completion of a task), providing encouragement to the player when they are figuring out the puzzles and working through the game, providing a way to strengthen social dimensions, encourage reflection on learning, and providing an opportunity to introduce technical/scientific terms and a language connected with the topics of learning in simple manner incorporated in the narrative.
FUTURE DIRECTIONS
While it can be argued that much more can be done with the development of dynamic intelligent narratives that adapt to a player's gameplay, such as basic interactive storytelling in the style of dime store choose your adventure books, the approach described herein is a relatively simple and cost-effective approach. Even so, we have already taken steps in this direction to explore and implement dynamic intelligent narratives or interactive storytelling in the next version of Waker. Connected to this, the inclusion of more complex characters is possible, perhaps affording a degree of a player's emotional investment in the character, creating an attachment to a game that is really educational at its core.
While the narrative in Waker was somewhat direct and every effort was made to create a narrative that only mentioned specific physics terms in passing, more can be done to further integrate the narrative into the gameplay. For example, morals can be taught implicitly in a game where non-player characters react emotionally and realistically to a player's actions, thereby learning through doing. Or perhaps learning specific concepts like money management through peripheral game mechanics like a sophisticated trading system embedded in an adventure game, thereby using an embedded narrative that effectively distracts the student from the core educational content. Further study in these areas can do much to improve the state of the art, and thus enabling students to learn while having a gaming experience that is virtually indistinguishable from the entertainmentoriented games on the market.
CONCLUSION
This chapter has described the development of four versions of a serious game and study carried out in a Singapore high school to shed light on the effectiveness of puzzle and narrative-based games in engaging students, their learning experience and understanding of the physics concepts of displacement and velocity. In particular, we have described the introduction of an off-screen character to help reach a synergy of fun and learning, through an optimal blend of de-sign and development dimensions, including: constructionist and instructionist learning, and hidden/incidental and direct/explicit learning, and so creating opportunities for reflection. The off-screen character achieves this through narration of a carefully crafted narrative intertwined with aspects of the learning topics. In this way the character's purpose is twofold; firstly, as part of the narrative/story and secondly, as learning partner or assistant.
Results from the comparative study show that while some aspects of learning are comparable in both puzzle and narrative versions of the games, the extended narrative and character game versions also provided an opportunity to introduce technical/scientific terms and a language connected with the topics of learning in simple manner incorporated in the narrative. In addition, all narrative versions were rated higher on every aspect related to gameplay and game features in comparison to the puzzle only based version of the game. For example, the narrative versions were rated as being more fun, more exciting, more engaging, with players less distracted to activities outside of the game, less frustrating, with players preferring to play the narrative versions again and in their free time, and surprisingly, players appreciated the artwork and music more in the narrative versions even though they were almost identical to the puzzle only version. Hence, results demonstrate that seeking creative solutions such as, in the development of a well-crafted narrative, can increase both fun and learning; a perspective that differs from the widely held views to find a balance between fun and learning.
The findings described herein are valuable for informing design and development of narrative through character blending game story with learning in serious games. While steps are already in place to explore and implement more intelligence into our games, the relatively simple cost-effective approach described herein provides a way to create fun and learning without going to the complexity and expense in terms of resources, time and cost of using intelligentbased approaches. Hence, making this approach more accessible to academics and teachers in schools by informing the customization of their own virtual environments, games for learning and serious games, or commercially available off the shelf titles (COTS) with topics from the curriculum.
The power of characters and narrative is only just being realized in the area of educational games, and it can be of great service to society should we attain a deeper understanding of the creation of both fun and learning. By investigating the relationship between learning and particular well-known components of games, similar to the work described herein on puzzle and narrative, and their effects on engagement, experience and learning, allows us to develop a body of knowledge that can inform design and development for the creation of truly enjoyable games for learning, serious games and simulations for education for all concerned.
